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A Note on the Estimation of Some Low Speed 
Characteristics of Delta 'rings*  
-by- 
R.C. Rose, D.C.Ae., 
The results of the -.Teissinger swept lifting line theory 
have been compared with other methods and experimental results. 
On the basis of this comparison empirical corrections to the 
Weissinger theory results have in some cases been suggested. 
Charts have been nrepared which enable an estimate to be made of 
the lift curve slope at zero lift, the location of the aerodynamic 
centre, and the rolling and yawing characteristics at low incidence. 
The estimation of CLma  and r.0 arc also briefly considered. x Luax 
Great accuracy cannot be claimed for the resulting 
diagrams, but it is considered that they provide a rapid method of 
estimating the above mentioned characteristics of delta wings, 
both cropped and uncropped, to an accuracy that is adequate in 
the design stage of an aeroplane. 
NEP 
This report is based on portions of a thesis submitted 
in June 1951 in part fulfilment of the requirements for the Diploma 
award of the College. 	 It was prepared for publication by 
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1. Introduction 
In this note the description 'delta wing' includes the 
cropped delta wing, i.e. it is taken to apply to swept
-back, 
straight tapered wings of triangular, or modified triangular 
planform with the apex forward, and with the trailing edge normal 
to the centre line of the wing. For delta wings as defined 
above a relationship between the planform parameters (viz, sweep, 
taper ana aspect ratio) can be deduced as follows.- 
	
tan A., -     ) A 1 -1-p, 
This expression shows that a variation in any one of the three 
planform parameters has an effect on the other two. Thus, in 
assessing the characteristics of such uings, it is impossible 
to separate the effects of these parameters. 
Existing lifting surface methodsl'2''4'of obtaining 
the characteristics of delta wings are both lengthy and laborious, 
and, in consequence, little systematic information has been 
published regarding the calculated changes in the characteristics 
with alteration in the planform parameters. The object of this 
investigation was to analyse the existing data, both theoretical 
and experimental, to see whether they lent themselves to the 
production of data sheets of an acceptable accuracy in the design 
stage of an aeroplane. 
The method adopted was to start with the results of the 
Weissinger swept lifting line methodG'7and to compare them with 
the results of other methods and with experimental results. 	 In 
some cases this comparison has indicated a plausible empirical 
correction to the Weissinger theory results, and this correction 
has accordingly been adopted. Clearly, there are limitations 
in the results of such an analysis but, in general, it is 
believed that they are of satisfactory accuracy. 
The characteristics that have been considered are the 
lift curve slope at zero lift, the location of the aerodynamic 
centre, and the rolling and yawing characteristics at low 
incidence. The estimation of CLm 
	
and a 	 has also 
ax 
been briefly considered. 	 Lmax 
2 .  
L i f t  C u r v e  S l o p e  a t  C L   =  0  
D e  
Y o u n g
7  
h a s  c a l c u l a t e d  t h e  l i f t  c u r v e  s l o p e  f o r  a  
w i d e  r a n g e  o f  s w e p t f o r w a r d  a n d  s w e p t b a c k  s t r a i g h t  t a p e r e d  w i n g s  
u s i n g  t h e  W e i s s i n g e r  m e t h o d .  T o g e t h e r  w i t h  t h e  r e l a t i o n s h i p  
g i v e n  i n  e q u a t i o n  
1  
u s e  h a s  b e e n  m a d e  o f  t h e s e  r e s u l t s  t o  p r e p a r e  
a  ' c a r p e t '  i n  w h i c h  l i f t  c u r v e  s l o p e  i s  p l o t t e d  a g a i n s t  s w e e p -
b a c k  a n g l e  f o r  a  r a n g e  o f  t a p e r  a n d  a s p e c t  r a t i o s .  T h i s  c a r p e t  
i s  s h o w n  i n  f i g u r e  1 .  
A  c o m p a r i s o n
8  
 o f  v a r i o u s  m e t h o d s  o f  e s t i m a t i o n  i n c l u d e s  
b u t  a  f e w  f i g u r e s  f o r  t h e  d e l t a  c o n f i g u r a t i o n ,  a n d  t o  s u b s t a n t i a t e  
t o  c u r v e s  o f  f i g .  1 ,  v a l u e s  g i v e n  b y  t h e m  h a v e  b e e n  c o m p a r e d  w i t h  
a s  m a n y  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  r e s u l t s  a s  i ” e r e  a v a i l a b l e .  
L i f t  c u r v e  s l o p e s  a s  p r e d i c t e d  b y  t h e  l i f e i s s i n g e r  m e t h o d  a n d  b y  
l i f t i n g  s u r f a c e  t h e o r i e s  a r e  t a b u l a t e d  i n  t a b l e  1  a n d  a r e  p l o t t e d  
i n  f i g u r e  2  i n  t h e  f o r m  o f  a n  a c c u r a c y  c u r v e .  I n  t h e  m a j o r i t y  
o f  c a s e s  e x c e l l e n t  a g r e e m e n t  i s  s e e n .  . u ' h e n  c o m p a r e d  w i t h  
e x p e r i m e n t a l  v a l u e s  ( t a b l e  2  a n d  f i g u r e  2 )  t h e  W e i s s i n g e r  t h e o r y  
g i v e s  l i f t  c u r v e  s l o p e s  a g r e e i n g  t o  w i t h i n  
5  
p e r  c e n t  f o r  w i n g s  
o f  a s p e c t  r a t i o  g r e a t e r  t h a n  1 . 5 .  F o r  s m a l l e r  a s p e c t  r a t i o s  t h e  
d i s a g r e e m e n t  i s  s o m e w h a t  g r e a t e r ,  b u t  t h e  v a l u e s  c a n  s t i l l  b e  
p r e d i c t e d  t o  w i t h i n  a b o u t  8  o r  9  p e r  c e n t .  S o m e  s c a t t e r  a m o n g  
t h e  e x p e r i m e n t a l  r e s u l t s  i s  t o  b e  e x p e c t e d  s i n c e  t h e y  w e r e  d r a w n  
f r o m  s e v e r a l  r e p o r t s  d e s c r i b i n g  t e s t s  m a d e  u n d e r  a  v a r i e t y  o f  
c o n d i t i o n s  a n d  a t  R e y n o l d s  n u m b e r s  v a r y i n g  f r o m  0 . 3  x  1 0
6  
 t o  
4 . 1  x  1 0
6
.  
L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  c o n c e r n i n g  s c a l e  
e f f e c t  o n  t h e  l i f t  c u r v e  s l o p e  o f  d e l t a  w i n g s ,  b u t ,  f r o m  t e s t s  
o n  w i n g s  1 0  p e r  c e n t  t h i c k ,  i t  w o u l d  a p p e a r  t h a t  a n  i n c r e a s e  o f  
2  t o  5  p e r  c e n t  i s  t o  b e  e x p e c t e d  o v e r  t h e  R e y n o l d s  n u m b e r  r a n g e  
f r o m  0 . 5  x  1 0
6  
t o  1  x  1 0
7
.  
3 .  C h a r a c t e r i s t i c s  a t  t h e  S t a l l   
I n  t h i s  s e c t i o n  a n  a n a l y s i s  h a s  b e e n  m a d e  o f  w i n d  
t u n n e l  d a t a  t o  i l l u s t r a t e  t h e  e f f e c t  o f  c h a n g e s  i n  p l a n f o r m .  
T h e  d a t a  h a v e  b e e n  d r a w n  f r o m  a  v a r i e t y  o f  s o u r c e s  a n d  s o m e  
s c a t t e r  o f  t h e  e x p e r i m e n t a l  r e s u l t s  i s  i n e v i t a b l e .  F u r t h e r  t h e  
d a t a  w e r e  b y  n o  m e a n s  c o m p r e h e n s i v e ,  s o  t h a t  t h e  d e d u c t i o n s  c a n  
o n l y  b e  r e g a r d e d  a s  t e n t a t i v e .  H o w e v e r ,  i t  i s  f e l t  t h a t  t h e  
t r e n d s  s u g g e s t e d  a r e  b r o a d l y  s p e a k i n g  c o r r e c t  a n d  s i g n i f i c a n t .  




3.1. Maximum Lift Coefficient and Stalling Incidence  
From the results given in table 3 the variation of 
and at 	 with sweepback for triangular wings of zero Lmax Lana x 
taper are plotted in figures 3 and 4. 
For wings of moderate sweepback and fairly large aspect 
ratio (3.6 say) it would appear that C 
	 = 0.9 can be expected. Lmax 
But with increase in sweepback to about 60°  and the consequent 
reduction in aspect ratio the value of 
CLmax  is increased to 
1.2 to 1.3. This occurs when the angle of sweep is about 60°. 
At very large sweepback angles and very small aspect ratios 
is again of the order of 0.9. 
	 Similarly, the stalling Lmax 
incidence is a maximum when the sweepback angle is about 65°. 
3.2. Lift Curve Slope up 	 Stall  
Some typical lift curves for delta wings are given in 
figure 5. The increasing non-linearity with reduction in aspect 
ratio is well illustrated. Comparison of the three families of 
curves indicate that the non-linearity of the lift curve is 
relatively little affected by changes of taper and sweep. A 
similar trend can be noticed in the results of some tests20 of 
rectangular wings of small aspect ratio. 
3.3. Longitudinal Stability near the Stall  
The results of table 3 have been plotted in figure 6 
after the manner of Shortal and Maggin.21 Thus, figure 6 is a 
chart from which the longitudinal stability characteristics near 
the stall can be predicted. 	 Owing to the limited extent of the 
available data concerning heavily swept delta wings of log aspect 
ratio the suggested margin between stable and unstable configura-
tions near the stall can only be regarded as tentative. 
4. Location of Aerodynamic Centre  
In this analysis of results concerning the location of 
the aerodynamic centre of a delta wing, the leading edge of the 
centroid of area chord has been chosen as the reference point 
and distances are quoted as fractions of this chord length. For 
the sake of completeness, definitions of this chord, the standard 
mean chord and relations between the two are given in an appendix 
to the report. 
The results of reference 7 have been used to prepare 
the carpet shown in figure 7 from which a first estimate of the 
position of the aerodynamic centre for any delta wing can be 
made. The values of xic.  given in figure 7 have been 
/compared ... 
- 6 -  
c o m p a r e d  w i t h  t h o s e  o f  a s  m a n y  e x p e r i m e n t a l  r e s u l t s  a n d  o t h e r  
t h e o r i e s  a s  p o s s i b l e .  T h e  c o m p a r i s o n s  a r e  g i v e n  i n  f i g u r e  9  a n d  
t a b l e  4 . ,  a n d  i t  i s  s e e n  t h a t  i n  n e a r l y  e v e r y  c a s e  t h e  v a l u e  o f  
A . C .  h a s  b e e n  u n d e r e s t i m a t e d .  	 T h i s  i s  t o  b e  e x p e c t e d  s i n c e  a n  
a s s u m p t i o n  i n  t h e  d e r i v a t i o n  o f  f i g u r e  7  
i s  t h a t  t h e  l o c u s  o f  l o c a l  
a e r o d y n a m i c  c e n t r e s  f o l l o w s  t h e  q u a r t e r  c h o r d  l i n e  o f  t h e  w i n g .  
I n  p r a c t i c e  i t  h a s  b e e n  s h o w n 9 '1 9 ' t h a t  a t  t h e  r o o t  t h e  l o c a l  
a e r o d y n a m i c  c e n t r e  i s  w e l l  a f t  o f  t h e  q u a r t e r  c h o r d  p o i n t  a n d  a t  
t h e  t i p  i t  i s  s l i g h t l y  f o r w a r d .  
A n  a n a l y s i s  o f  t h e s e  e r r o r s  l e d  t o  t h e  c o n s t r u c t i o n  o f  
t h e  s e t  o f  c u r v e s  g i v e n  i n  f i g u r e  8 .  T h u s  f i r u r e s  
7  
a n d  8  c a n  
b e  u s e d  t o  e s t i m a t e  
x A . C .  
 .  A n  e r r o r  c u r v e  f o r  t h i s  m o d i f i e d  
e s t i m a t e  i s  s h o w n  i n  f i g u r e  1 0 ,  a n d  i t  i s  s e e n  t h a t ,  i n  g e n e r a l ,  
t h e  p o s i t i o n  o f  t h e  a e r o d y n a m i c  c e n t r e  c a n  b e  p r e d i c t e d  u s i n g  
f i g u r e s  7  a n d  8  w i t h  a  p r o b a b l e  e r r o r  o f  t h e  o r d e r  o f  +  . 0 1  g .  
A s  a n  e x a m p l e  o f  t h e  m e t h o d  i t  i s  r e q u i r e d  t o  f i n d  t h e  
p o s i t i o n  o f  t h e  a e r o d y n a m i c  c e n t r e  o f  t h e  f o l l o w i n g  w i n g . -  
=  
3 . 0  ;  
	
, N .  =  
0 , 0 5  ;  
	
/ ) , ,  =  
4 2 . 2 °   
F i g u r e  7  s h o w s  x 4 . 0 .  =  0 . 3 1 8  a n d  
f i g u r e  8  
g i v e s  
z s  x A
. C .
3 . 3  
p e r  c e n t  
A  
x A . C .  =  1 0 0  x  . 3 1 8  : =  . 0 1 1  
•  •  
. C .  =  0 . 3 1 8  +  0 . 0 1 1  
	 0 , 3 3 .  
5 .  
R o l l i n g  a n d  Y a w i n g   C h a r a c t e r i s t i c s  a t  l o w  i n c i d e n c e   
T h e  W e i s s i n g e r  l i f t i n g  l i n e  m e t h o d  h a s  b e e n  u s e d  t o  
o b t a i n  t h e  a d d i t i o n a l  s p a n  l o a d i n g  w h i c h  r e s u l t s  f r o m  a n  a n t i -
s y m m e t r i c  d i s t r i b u t i o n  o f  i n c i d e n c e ,  a n d  f r o m  s u c h  l o a d i n g s  t h e  
d a m p i n g  d e r i v a t i v e  i n  r o l l  ( i  )  h a s  b e e n  c a l c u l a t e d  i n  r e f e r e n c e s  
2 2  a n d  2 3 .  F r o m  c u r v e s  g i v e n  i n  t h e s e  r e f e r e n c e s  t h e  v a r i a t i o n  
o f  A
l  
 w i t h  c h a n g e s  i n  p l a n f o r m  p a r a m e t e r s  h a s  b e e n  p l o t t e d  i n  
I L  
f i g u r e  1 1 .  O n  c o m p a r i n g  t h e s e  v a l u e s  o f  	
w i t h  t h e  r e s u l t s  
o f  s o m e  u n p u b l i s h e d  c a l c u l a t i o n s  u s i n g  t h e  F a l k n e r  2 1  v o r t e x  
3  p o i n t  s o l u t i o n  ( s e e  t a b l e  5  a n d  f i g u r e  1 2 )  i t  i s  s e e n  t h a t  
g o o d  a g r e e m e n t  e x i s t s  b e t w e e n  t h e  r e s u l t s  o f  t h e  t w o  m e t h o d s .  
I n  u s i n g  t h e  r e s u l t s  o f  f i g u r e  1 1  i t  m u s t  b e  
r e m e m b e r e d  t h a t  t h e  s e c t i o n  l i f t  c u r v e  s l o p e  h a s  b e e n  t a k e n  a s  
2 n ,  a n d  t h e  f o l l o w i n g  c o r r e c t i o n  h a s  b e e n  s u g g e s t e d .
2 2
'
2 3  
-7- 
 
Actual section lift curve slapeal 
a 
(e ) p fig.11 
 
Comparison with experimental results (figure 12 and table 6) gives 
support to this suggestion which is accordingly recommended. 
Use has been made of unpublished calculations using 
Falkner's21 vortex 3 point solution to predict variations with 
planform parameters of the damping derivative in yaw (ar , due to 
induced drag) and of the yawing moment due to rolling (ni). These 
variations are shown in figures 13 and 14. 
	 Quantitatively, the 
results, Which are based on linear section lift data, will 
probably suffer from some inaccuracies. However, it is thought 
that the trends suggested are correct. 
6. Conclusions  
In general, fair agreement has been found to exist when 
the results of Weissinger's swept lifting line theory have been 
compared with those of other theories and with a limited number 
of experimental results, and, where possible, this comparison has 
been used to derive corrections to the results of weissinger's 
theory. 
	
It is believed that the resulting diagrams provide a 
rapid method for estimating the particular characteristics of 
delta wings with an accuracy considered adequate in the design 
stage of an aeroplane. 
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A relationship between the lengths of the standard mean 
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0 	 EXPERIMENTAL RESULTS 
THEORETICAL RESULTS 
	
(SEE TABLES 1 4. 2 	 FOR 
TABULATED VALUES) 
GIVEN BY OTHER THEORIES L 
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EXPERIMENTAL 	 RESULTS. 
CORRELATION 	 OF LIFT CURVE SLOPE B WEISSINGER 
THEORY WITH VALUES GIVEN BY OTHER THEORIES & 
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VARIATION OF MAX. LIFT COEFFICIENT WITH SWEEPBACK (AND 
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VARIATION OF INCIDENCE AT MAX. UFT COEFF WITH SWEEPBACK 
(AND ASPECT RATIO) FOR DELTA WINGS OF TAPER 
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CURVE AT STALL 
RATING 	 SYMBOL 
STABLE 	 V 
MARGINAL 	 0 
UNSTABLE 
	 n 
SEE TABLE S FOR 
ORIGIN OF RESULTS. 
EFFECT OF PLANFORM PARAMETERS ON LONGITUDINAL 
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A.C. 
A Die 	 IS GIVEN AS A 
A.C. 
PERCENTAGE OF DC I  A C. 
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= X 4- A .C. 	 A.0 	 A.C. 
SEE EXAMPLE IN 
PARAGRAPH 4. 
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FIRST APPROXIMATION OF POSITION OF AERODYNAMIC CENTRE. 
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0 EXPERIMENTAL RESULTS 
(See Table 4) 
X FALKNER THEORY 
—126 V., 6 PP, SOLti-
SUFFIX c DENOTES FALKNER 
CORRECTED SOLUTION. 
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COMPARISON OF ESTIMATED XA.c.  VALUES FROM FIRST 
APPROXIMATION (FIG. 7) WITH VALUES GIVEN BY FALKNER 
THEORY & EXPERIMENTAL RESULTS, 
FIG. 	 10. 
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FALKNER 	 THEORY 
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COMPARISON OF ESTIMATED A.C. LOCATION VALUES FROM 
FIGS. 7 & 8 WITH VALUES GIVEN BY FALKNER THEORY 
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FIG 	 1 I. 
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t/4 CHORD SWEEPBACK ANGLE (Nei ) 
/4 
VARIATION OF DAMPING—IN—ROLL DERIVATIVE (1.p) WITH 
WING PLANFORM PARAMETERS FOR DELTA WINGS. 
FIG. 	 1 2. 
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EXPERIMENTAL RESULTS 
(SEE TABLE 4) 
REFS. 	 18 & 	 24. 
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VALUES OF (1.0 GIVEN BY FALKNER THEORY, 
AND EXPERIMENTAL RESULTS 
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ASPECT RATIO (A) A-4 
FIG. 14. 
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CALCS. MADE USING 
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VARIATION OF YAWING MOMENT COEFF. DUE TO ROLLING CIPlc,) 
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VARIATION OF YAWING MOMENT COEFF DUE TO YAWING—INDUCED 
COMPT c,L2) — WITH WING PLANFORM PARAMETERS FOR 
DELTA WINGS. 
